In this paper we formulate a model for foreign exchange exposure management and (international) cash management taking into consideration random fluctuations of exchange rates. A vector error correction model (VECM) is used to predict the random behaviour of the forward as well as spot rates connecting dollar and sterling. A two-stage stochastic programming (TWOSP) decision model is formulated using these random parameter values. This model computes currency hedging strategies, which provide rolling decisions of how much forward contracts should be bought and how much should be liquidated. The model decisions are investigated through ex post simulation and backtesting in which value at risk (VaR) for alternative decisions are computed. The investigation (a) shows that there is a considerable improvement to "spot only" strategy, (b) provides insight into how these decisions are made and (c) also validates the performance of this model.
Introduction and Background
Foreign Exchange (FX) markets have gone through a turbulent period since 1973 (after the collapse of Bretton Woods). More recently since 1999 with the emergence of the euro as well as increased globalisation of trade a spectacular amount of currency movement has been recorded. In her recent book Taylor (2003) reports that more than 1.2 trillion USD change hands daily on the foreign exchanges. It is therefore only natural that FX management has become an important topic especially so over the last decade.
The FX participants can be grouped into four categories. The traditional foreign currency exposure represents a certain (known in advance) volume of foreign currency cash flows exchanged to the domestic currency at an uncertain future exchange rate. The optimal hedge ratio represents the ratio of the amount of foreign currency cash flow covered by forward contracts to the uncovered future foreign currency cash flow, such that this ratio minimises the risk (measured by variance) of the portfolio formed by future cash flows and a position in forward contracts. The optimal hedge ratio can be calculated by creating a portfolio of two assets: an unhedged future foreign currency cash flow and a position in a forward currency market. Then it can be shown that the minimum variance portfolio is achieved when the optimal hedge ratio takes the value [ ) var( / ) , cov(
], where t t f s , are the spot and forward exchange rates respectively. Provided the future cash flow stream is known with certainty it is very likely for the value of the optimal hedge ratio to be in the region of 0.9 or higher (Ederington (1979) , Kwok (1987) , and Swanson and Caples (1987) ) for most of the currencies. Adler and Dumas (1984) , Eaker and Grant (1985) , and Shapiro (1984) have addressed various implications of uncertain cash flows on hedging decisions. Eaker and Grant study the effect of new information on the optimal hedge, while Shapiro examines the case of multiple hedging tools. Adler and Dumas show that the optimal hedge ratio is the coefficient of a regression of the cash flow (expressed in home currency) on the exchange rate. First the treasury manager specifies a number of future states of nature regarding cash flows, exchange rates, and their respective probabilities. Then the regression coefficient is estimated from a linear regression across the states of nature. Rolfo (1980) , Stiglitz (1983) , Britto (1984), and Hirshleifer (1988) have examined the problem of hedging uncertain production and hedging in macro-market frameworks.
A more realistic setting, where an MNF has to hedge both uncertain FX exposure and uncertain future foreign currency cash flows simultaneously was investigated by Kerkvliet and Moffett (1991) . They show that the optimal hedging decisions will be firm-specific and depend on the extent of correlation among the cash flows, spot and futures exchange rates.
FX risk hedging in a static, single-period framework is a straightforward decision problem. The variance-minimising hedge involves taking a position in forward FX market equal in size but opposite in sign to the particular future foreign currency cash flow exposure. It can be shown that this exposure represents the regression coefficient of the cash flow on the exchange rate.
In a multi-period setting optimal hedging is less straightforward. The hedging decision taken at an early stage may be revised many times due to new information being revealed to the market. These frequent revisions may themselves constitute additional risks to the MNF. Dumas (1994) investigates the timing when it is optimal to initialise a hedge. He examines the case of deliberately leaving the cash flows unhedged for some time, initiating the hedge at some appropriate time and then leaving the hedge unchanged until the cash flow is received or paid. He states that the appropriate timing of the optimal hedging decision depends on whether the cash flow to be hedged is correlated with the changes in the exchange rates or with its level. Sharda and Musser (1986) used a multi-objective goal programming model for bond portfolios.
Their approach is to dynamically hedge interest rate risk using futures contracts. In 1991 Sharda and Wingender (1993) reapplied the same model with some modifications to hedging foreign currency accounts receivables using foreign exchange futures. Wingender and Sharda (1995) in their later paper modified their original model in several ways. They examined a portfolio of Treasury Notes, incorporation of priorities and the previous week's futures position. The above three studies improve on the static framework by allowing the treasury manager to re-estimate and re-adjust the optimal hedging decisions every time period of the multi-period time horizon. Although these are otherwise comprehensive optimum decision models, the main shortcomings of these studies are that they consider neither stochastic cash flows nor stochastic future exchange rates.
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In many real world problems, the uncertainty relating to one or more parameters can be modelled by means of probability distributions. In essence, every uncertain parameter is represented by a random variable over some canonical probability space; this in turn quantifies the uncertainty.
Stochastic Programming (SP) enables modellers to incorporate this quantifiable uncertainty into an underlying optimisation model. Stochastic Programming models combine the paradigm of dynamic linear programming with modelling of random parameters, providing optimal decisions which hedge against future uncertainties. Two-stage and multistage SP framework provides a logical extension of the deterministic approach to optimum decision models. SP incorporates uncertain parameters into the model, and the optimal decisions recommended by the model take into account a multi-period time horizon. There have been numerous applications of SP methodology to real life problems over the last two decades. Kusy and Ziemba (1986) formulated a multistage SP to balance a bank's revenues from a set of assets against a set of liabilities. The assets consist of investments and loans with uncertain returns and varying risk levels, whereas the liabilities represent depositor's withdrawals from demand accounts. Klaassen et al. (1990) use a multistage SP model to select a minimal cost currency option portfolio to hedge FX exposure faced by an MNF. The portfolio guarantees an acceptable level of dollar revenues subject to a certain (known) quantity of a foreign currency to be exchanged in the future. Carino et al. (1994) modelled a problem of asset management for a property insurance company as a multistage linear SP model. Golub et al. (1995) developed a two-stage SP model for money management using mortgage-backed securities. Beltratti et al. (1999) formulated an SP model for portfolio management in the international bond markets. In Topaloglou et al. (2002) an integrated simulation and optimisation framework for multicurrency asset allocation problems is reported. The authors examine empirically the benefits of international diversification and the impact of hedging policies on risk-return profiles of portfolios. In Beltratti et al. (2004) the authors develop a scenario based optimisation model that simultaneously makes optimal asset allocation and hedging decisions, They contrast selective hedging with complete hedging and no-hedging strategies. Wu and Sen (2000) used SP approach to develop currency option hedging models, which addresses a problem with multiple random factors in imperfect markets. Kouwenberg (2001) developed a multi-stage SP model for pension fund asset liability management using rolling horizon simulations. The use of two stage stochastic programming model to determine the natural oil buying policy of an MNF taking up a forward position is discussed in Poojari et al. (2004) .
Treasury Management Model with Currency Exposure
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A number of different hedging instruments are available to the treasury managers (see Abdullah and Wingender (1987) ) but in this paper we only consider forward currency contracts since they are the simplest and one of the most popular hedging products available to MNFs. The specification of the contract can be tailored to the requirements of the customer such as maturity date and size of the contract. Also the forward FX market is very liquid for major currencies and for maturities under two years, which makes it a perfect choice for the problem at hand.
In this study we have applied two-stage Stochastic Program (TWOSP) with recourse as a decision model. By using an SP framework we are able to take into account both time and uncertainty in our ex ante decision model. We also apply an ex post results analysis, which is based on backtesting with historical data.
The rest of this paper is organised in the following way. In section 2 we describe how the random exchange rate (forward and spot) fluctuations over future time periods are modelled (section 2.1).
The forward rate and spot rate are modelled together using (i) a vector error correction model 
Modelling Stochastic Processes
The Exchange Rates: A Model of Cointegration between Spots and Forwards
The future realisation of the exchange rates, in particular their mean and variability over time, has the most important impact on the choice of currency hedging strategy. The two exchange rates (forward and spot) are forecast by suitable time series models. These appear as random parameters in our time staged currency hedging SP decision model, which is introduced in section 3.
Our forecasting model is based on economic theories, which suggest the existence of long-run equilibrium relationships among variables. The idea is that even though short-run deviations from the equilibrium point are most likely, these deviations are bounded since stabilizing mechanisms tend to bring the system back to the equilibrium. Granger (1981 Granger ( , 1983 introduced and Engle and Granger (1987) developed what can be regarded as the statistical counterpart of this idea: the concept of cointegration.
Cointegration allows individual time series to be stationary in first differences, while some linear combinations of the series are stationary in levels. By interpreting such a linear combination as a long-run relationship or an "attractor" of the system, cointegration implies that deviations from this attractor are stationary, even though the series themselves have infinite variance. Granger (1983) showed that there is a natural connection between the concept of cointegration and error-correction models. The latter may be thought of as providing an adjustment process through which deviations from a long-run equilibrium relationship (or an attractor) are corrected for.
The long-run relationship between the spot and the forward exchange rate has been studied by several authors, and the exchange rates are usually modelled by means of a vector error correction follow a stochastic process, which could be easily accommodated in our setup. We leave such an extension as a topic for future investigation. 
Equation (1) is a bivariate vector autoregressive (VAR) model, which can also be written as:
where ∆ denotes the first-difference operator defined by Therefore, using the normalisation ) , 1 (
2 A vector error correction model is a restricted vector autoregressive model that it is designed for use with nonstationary series that are known to be cointegrated. It restricts the long-run behaviour of the variables to converge to their cointegrating relationships while allowing for short-run dynamics. 3 Note that we will also consider model of cointegration between spot and 3,6,9 and 12-month forward rates. However, for explanation purposes, our attention will be restricted to the 1-month forward rate. time series analyses, such as the (unrestricted) VAR, may be applied to the first-differences of the data as the levels of the series each follows a random walk process with drift.
Comparing Alternative Models and Model Validation
We now examine the forecast performance of the VEC model and compare it with the benchmark random walk (RW) model, which is obtained by setting
We calculate traditional accuracy measures defined on the forecast errors
where h t w + denotes the h-step-ahead forecast average of the 100 sequences at the forecast origin t.
Given n forecast errors
, popular measures of accuracy, such as the mean squared error,
, and the mean absolute error, 
A related criterion, widely used in evaluations of ex post forecasts, is Theil' s inequality coefficient,
, there is a perfect prediction; if, on the other hand, 1 ) ( = h U , the forecast performance of the model is as bad as it can be.
On the basis of the various criteria that are used to evaluate the forecast accuracy, the results are clearly in favour of the VEC model specification. Therefore the VEC model is used for simulating 12 scenarios of future exchange rates. Figure 2 -1 demonstrates the one-, two-and three-step-ahead out-of-sample forecasts of RW and ECM of exchange rates. The ECM follows more closely both spot and forward exchange rates. 
Scenario Generation
The data set used in our empirical analysis consists of 241 observations of the spot and forward (thirty-day rate) Sterling/Dollar exchange rate for the period from January 1984 to January 2004.
The spot and forward exchange rates were found to be integrated of order one and to cointegrate.
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This is in agreement with other studies.
Scenarios are generated using a series of recursive forecasts, which are computed in the following way. For a given bivariate time series
a VEC model is fitted to the subseries The forecast origin is then rolled forward one period to 1
, the parameters of the forecast models are re-estimated and other 100 sequences of one-step-ahead to 12-step-ahead forecasts are generated. The procedure is repeated until 100 forecasts are obtained for each t'∈{1,…,12}, which are used as an input to the SP decision model.
The Scenario Tree
Consider a probability space, ( , , ) where Ω ∈ ω denotes parameter realisations with probability Time: Quarters 
where: 
The SP Decision Model
The problem under investigation is to determine a strategy for employing forward exchange rate contracts to hedge against fluctuations in the spot rate between the US dollar and UK sterling.
Currently, the Company receives a positive cash flow stream of US dollars every month that they convert into UK sterling using the available spot rate. Although the spot rate is uncertain for future time periods the Company has not engaged in using forward contracts. We wish to determine a policy of hedging against such uncertainties by allowing the Company to engage in forward contracts on exchange rates. Given the inherent risks in speculative trading in foreign exchange (see Appendix B) we include limits to reduce the risks of speculation on forward exchange rates.
The uncertainties involving forward exchange rates have been modelled as a discrete set of scenarios based on our work in VEC forecasting. We now develop a stochastic optimisation model for determining the best "hedged" investments in forward contracts of exchange rates. The first stage decisions represent the contracts on the forward exchange rates that should be purchased while the second stage decisions are of two types: goal deviational variables and future decisions about purchases of forward exchange rate contracts. We have adopted a similar approach to that of Sharda and Wingender (1991) . They formulate a goal-programming model to dynamically hedge accounts receivables with futures currency contracts. We extend this method as follows:
Our objective function has three main components: (i) minimizing deviations from treasury targets, similar to that of Sharda's Goal Programming Model; (ii) minimizing transaction costs and (iii) we maximise the company's expected GBP-equivalent total income over the next 4 quarters. The treasury manager specifies the weights attached to each of these main goals. In addition they also set the level of risk exposure in achieving the third component of the objective.
By varying the weights assigned to different goals and varying the maximum forward exposure limit, the treasury manager has the flexibility to choose their preferred strategy. The two-stage stochastic programming decision model is formulated below.
Indices t = 1, 2, 3: the set of future time periods in the planning horizon, corresponding to the end of each of the next 3 quarters from now.
t ' = 1, 2, 3, 4 : the forward currency contract maturity dates.
t '' = 1, 2, 3, 4 : the set of time periods in the planning horizon when we assess the cumulative forward position. ω = 1,.., Ω : set of scenarios. Ω = 100.
Data
Transaction cost:
TransCost: The transaction cost of acquiring / selling a forward currency contracts. Theoretically there is no charge for entering a forward agreement though the bank could charge for selling back the outstanding forward contract (closing out a forward position). Transaction cost can also reflect an ask-bid spread. In this study we set the value of transaction costs at 0.1% of the contract value.
Exchange rates:
Currently available forward exchange rate on selling USD with maturity t'. USDSpotRateCurrent: Current spot exchange rate on selling USD for GBP.
Cash Flows:
NetCashFlow ' t : Amount of USD revenue less expenses in month t', for t' ∈ [1, 2, 3, 4].
Initial data:
FwdPrev ' t : Number of forward currency contracts brought forward from the previous quarter with maturity month t', for t' ∈ [1, 2, 3].
Other data:
UpperLimitOnHedge: Treasury set upper limit on the proportion of the net cash flows to be offset by taking a position in the forward exchange rate contracts. The weights assigned to the 1-st, the 2-nd and the 3-rd goal associated with deviation from treasury targets.
First-Stage Decision Variables
XFwdHold t' : The total amount of current USD forward currency contracts held with maturity date t', for t' ∈ [1, 2, 3, 4].
XFwdBuy t' : The number of forward currency contracts acquired at the beginning of the current month with maturity date t', for t' ∈ [1, 2, 3, 4].
XFwdSell t' : The number of forward currency contracts settled (sold) at the beginning of the current month with maturity t', for t' ∈ [1, 2, 3, 4].
Second-Stage Variables
YFwdBuy ' , , t t ω : The amount of USD to buy forward at the beginning of month t with maturity date t' under scenario ω where t < t', for ω ∈ Ω , t ∈ [1, 2, 3], t'∈ [2, 3, 4].
The expected amount of USD to sell forward at the beginning of month t with maturity date t' under scenario ω where t < t', for ω ∈ Ω , t ∈ [1, 2, 3], t'∈ [2, 3, 4].
ExpectedGBPValFromSpot: A reporting variable representing the expected GBP-converted income from future net cash flows for quarters: 1, 2, 3 and 4 using spot exchange rates at the same time as when the income stream is received. 
Objective Function
The objective function represents a trade-off between the immediate potential losses in the first quarter, the expected transaction costs and the value of the wealth over the whole planning horizon.
These are now described.
Goal 1: Deviations from the treasury targets (imminent losses).
By assigning different (respective) weights and summing into a linear form this goal is decomposed into three sub-goals summarized below.
1.1 Minimize the expected change in the cash flow over the change in the forward position.
1.2 Minimize the expected change in the forward currency position over the change in the cash flows.
1.3 Minimize the expected top-up amount on the "virtual margin account" i.e. speculative loss.
Goal 2: Minimize expected transaction costs over the next four quarters Goal 3: Maximize expected cumulative GBP-equivalent income over the next four quarters
This goal is achieved by maximizing the two sub-goals shown below: Future net cash flows over t', where t' ∈ [1, 2, 3, 4], converted to GBP at the spot exchange rates at the time income is received.
Expected cumulative GBP-equivalent gain or loss made over t', where t' ∈ [1, 2, 3, 4] from taking positions in forward exchange rate contracts.
The algebraic representation of the complete objective function is as follows: 
subject to:
1) Constraints related to treasury target
Equation (13) 
Equation (14) similarly considers the same issues as for equation (13) 
Equations (13) and (14) encourage investing in forward contracts, while constraint (15) accounts for possible losses incurred in these forward contracts and as such, conflicts with constraint (13). By changing the weights in the objective of these deviational variables it is possible to investigate different strategies for controlling speculation in the forward market.
Similarly, the set of equations (16) account for losses in forward contracts maturing in later time periods. 
2) Expected Transaction Cost Constraint
= + = ' 1 ' ' ' ) (
3) Constraints related to the final wealth objective
The following constraints are all related to measuring the final wealth of the revenues converted to sterling. The first set of constraints are balance constraints for forward contracts with maturity t' quarters ahead
Equation (18) represents a balance constraint on the activities with forward exchange rate contracts, which actually take place at the beginning of the current time period.
Equations (19) represent an upper limit on the expected cumulative forward exchange rate position at any future time period t''.
Equation (20) states that no short sales are allowed on forward contracts.
Equation (21) defines the upper limit on the future expected forward exchange rate trades.
Equation (22) 
Equation (23) reports the expected GBP-valued cumulative net cash flows for the 4 quarters using spot exchange rates at the time when the cash flow is received. 
Equation (24) measures the expected marginal benefit from using forward currency contracts for the planning horizon, e.g. the company either obtains a speculative gain or a loss from entering forward currency contracts with various maturities.
Backtesting and Rolling forward the SP Decision Model
Our modelling framework has three aspects (a) calibration of the VECM model, which is used for scenario generation, 
Dynamic Data Model
The role of the historical market data, the organisational data, their interaction with the decision model and backtesting are illustrated in Figure 4 -2. The experimental set up requires that we dynamically:
(i) Use market data in order to revalue the forward positions, a well-known "mark to market" procedure.
(ii) We also record the decisions made in the current step of the model as an input of the starting position of the next "roll" of the model.
Whereas in futures currency contracts there is an external requirement for "marking to market", for forward positions there is no such obligation. As an "internal good practice procedure", however,
we have introduced this in our "Forward currency contract" decision model so that we are able to compute the "moneyness" of the current positions to give some indication of ongoing performances.
Thus for each time movement the model database is updated with the most currently available forward rates and spot rates. By accessing our current forward commitments along with their current marked to market forward rate from the model database, we adjust our forward rates to be the same as the current month forward rates. The process of "marking to market" of our currently held forward contracts involves realigning the contracts by one time period as well as determining the financial losses or gains made on our forward positions. Similarly, we close out the opening income stream using a combination of currently maturing forward contracts and the current spot rate. All these cash transactions, namely the marking to market of forwards contracts and conversion of the current income revenue are recorded in our financial database.
sample of exchange rates. In order to compare PI model with HN and EV models on like-for-like bases we use the same backtesting time period for all the models. D y n a m ic (A n a ly tic a l) D a t a S c e n a rio G e n e ra t io n S P O p t i m is a t io n M a rk-t o -M a r ke t a n d U p d a t e F o re x F in a n c ia l D a t a b a s e 
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The Rolling Decision Model
The decision model uses data sets, which are updated every month. The scenario generator uses the historical spot rates and historical forward rates data having stepped through by one month t = t + 1.
Thus the scenario generator creates a completely new set of scenarios looking ahead over a time horizon of T = 12 months. In respect of revenues we have developed a scenario generator for representing alternative realisations of the future income but in our current analyses we have assumed that the income stream remains constant.
Given that the decisions are made altogether 60 times by stepping through the time line
we process the corresponding TWOSP model 60 times using the SPInE system. The SPInE system has the dual capability of SP decision modelling and simulation (see Valente et al 2004, and Di Domenica et al 2004) .
The figure 4-2 also illustrates the results produced by the rolling model. The accompanying plot illustrates the effects of marking to market, which may have two outcomes. Firstly, in realigning our forward contracts to the current rates we either make some profit on our currently held forward contracts or our speculation has led to a loss, these are represented by the red bars. Secondly, in processing the current month's revenue we use the spot rate thus the income revenue is marked to market and is represented by the blue bars.
Simulation 1: Risk and Return Analysis
In this paper we estimate risk exposure of each treasury strategy by calculating Value-at-Risk (VaR) measure. A brief description of some other commonly used risk measure is provided in Appendix A. The meaning of VaR in our paper is slightly different from the conventional one. When dealing with returns on investments VaR represents the maximum loss incurred with certain probability (e.g. 95%). In our case, since we are dealing with revenues, not returns, VaR represents the lowest monthly revenue achieved with certain probability. As a result, in the case of returns one aims at a smaller VaR, i.e. smaller loss but in our case we are better off having larger VaR, i.e. larger monthly revenues at a certain probability level.
We have assumed constant revenue throughout the planning horizon, also the financial decisions made prior to each optimisation run are independent; we run the rolling decision model and create a histogram with appropriate bins and compute VaR values for different probability levels for the monthly income.
In order to evaluate the impact of randomness on (optimal) decision we backtest the three rolling models over 60 months of the historical sample, Feb. 1998 to Jan. 2003.
• Here-and-Now (HN): represents the TWOSP model described in section 3.1.
• Expected Value (EV): is the deterministic representation of our treasury model for foreign exchange rate exposure with the uncertain parameters replaced with by their expected values.
• Perfect Information (PI): is the deterministic representation of our treasury model for foreign exchange rate exposure with the true realised data for the uncertain parameters (historical data as scenarios). This model is the true upper bound on the overall optimisation problem.
We backtest the above models for all the strategies outlined earlier.
In Figure 4 -3 we show the performance of our models over the 60 months period (see 0  0  0  13  25  7  6  3  3  0  2  1   £555,337  £682,348  £809, 359 £936,370 £1,063,381 £1,190,392 £1,317,403 £1,444,414 £1,571,425 £1,698,436 £1,825,447 £1,952,458 VaR 5% (HN Model)
Figure 4-3 Histograms of monthly revenues associated with the output of each of the 3 models (HN, EV, PI), backtested to identify the revenue that those models (decisions) would have yielded
Figure 4-3 shows that the EV model has a marginally longer right tail than that of the HN model. It also shows that for this strategy the distribution for the EV decision is preferable to that of HN.
However, if we consider a range of strategies as in Table 4 -1 we see that this is not always the case. Historical cumulative GBPincome over 60 months (HN model) £58,406,737 £58,402,262 £59,715,890 £59,067,405 £58,451,172 £59,224,038 £58,341,578 £59,279,506 £59,067,405 £58,843,122 £59,091,799 s.d. VaR there is a trade-off between VaR and Revenues. Surprisingly, EV Model did not do worse that HN Model, which reflects the quality of the scenario generator. At the same time if we could "perfectly" foresee the future realisations of exchange rates we would receive higher monthly revenues. This also shows the potential for achieving better results by improving scenario generation model.
In the results displayed, the base strategy represents the current company practice of spot only conversion and not entering into forward contracts. The results indicate that there is scope of making more (marginal) income by using forward contracts. Although the risk increases with find an efficient point with more return for this level of VaR, or higher VaR for this given level of return. Our current investigations are looking at how easy it is to determine the various strategies to create points on the "efficient" frontier.
Simulation 2: Stochastic Measures
In SP models the expected value of perfect information (EVPI) indicates, how far the stochasticity impinges on the decision-making. EEV stands for the expectation of the expected value (EEV) -4,039,144 -3,989,168 -3,988,934 49,976 STRATEGY 11 27,016 36,271 39,514 9,255 We have also investigated the dynamic behaviour of EVPI over 60 months time period. The average EVPI over 60 months 6 of historical sample equals £106,818. In our context it could be interpreted as the average upper bound on the price of insurance to protect company's foreign currency revenues against uncertain exchange rates.
Conclusions.
We have considered an FX trading problem and proposed decision models, which can be used to develop and test alternative trading strategies. We have proposed a novel approach using SP as an ex-ante decision tool, which can be used by MNFs for the purpose of treasury management. The tool can be used both for decision making and simulation evaluation.
The VECM model (sections 2.3 and 2.4) has been adopted in an innovative fashion to create exchange rate (forward and spot) scenarios, which are used in an SP decision model. We have applied ex post analysis of our decisions through backtesting (simulation).
Given that we roll the decision model over 60 months we have calculated the EVPI and VSS for each of these strategies 60 times. Computed VSS was very small for all strategies, which indicates that the HN and the EV models both provide good quality hedging decisions. This finding is also supported by backtesting both the HN model and the EV model over 60 months; both models produced similar results.
These results are for a constant cash (revenue) stream. These models can be easily extended to the situation when the revenue stream is random provided we know, how it relates to the fundamentals (interest rate, dividend rate, etc.), which also affect the FX rates. For random revenue stream it is likely that the VSS and EVPI might have larger values and HN might perform better than EV. The strategies for which EVPI has a relative high value may indicate that there is scope for performance improvement.
In summary we can state that:
The effects of stochasticity on our hedging decisions are limited. Thus an EV model (LP) works nearly as well as an HN model.
(ii) For all the strategies considered both models provide much better results than "no hedging" spot only base strategy.
The introduction of the LPM is a major advance in the field of risk, as it provides the most generic representation of risk. Within this framework both symmetric and asymmetric measures of risk are encapsulated. Alternative formulations of well-known symmetric and asymmetric risk measures are shown below as special cases of the generic approach of LPM.
Symmetric Measures of Risk
The main difference of the symmetric measures of risk, when compared with the asymmetric, is that returns above the pre-specified target are also included. In that case, the returns used to calculate the Variance: the classical representation of variance deals with measuring the spread of the expected returns relative to the average expected portfolio return. Therefore, τ = x , andα = 2.
Mean Absolute Deviation: by setting α = 1, the MAD measure of risk can be represented as:
Asymmetric Measures of Risk
It is easily seen that all asymmetric measures for different levels of τ and α are special cases of the α -τ risk. Adopting the general α -τ risk measure, we provide some formulations of belowtarget risk measures.
Safety First: The "Safety First Criterion" is a special case of the α -τ risk when
Expected Downside Risk: When α = 1 the α -τ model equals the expected downside risk.
If the target is set equal to the expected portfolio return then the measure can be viewed as a special case of the MAD risk measure where only the negative deviations from the target are considered, thus leading to the Semi-MAD measure.
Semi-Variance:
Semi-Variance is a special case of the α -τ model when α = 2. Appendix B: Metallgesellschaft A.G. Example In 1993 In -1994 , MG Corporation (the US subsidiary of Metallgesellschaft A.G.) (MGRM) lost on its positions in energy futures and swaps over $1.9 billion when prices for crude oil, heating oil and gasoline fell sharply. Some reports characterized MGRM' s oil trading activities as "a game of roulette", but another view is that its derivatives activities were in fact part of complex strategy -a fully-integrated oil business in the United States. MGRM' s efforts to develop a fully-integrated oil business in the United States are witnessed by the following facts: Long-term customer relationships based on forward-supply contracts: approximately 160 million barrels of gasoline and heating oil over 10 years at fixed prices -\$3 or \$5 a barrel higher than spot prices with a "cashout" option for counterparties. MGRM acquired a 49% interest in Castle Energy, a US oil exploration company that then became an oil refiner. In order to assure a supply of energy products it purchased Castle' s entire output of refined products (about 126,000 barrels a day) at guaranteed margins for up to ten years into the future. MGRM set out to develop an infrastructure to support the storage and transportation of various oil products. As the financial part of their overall strategy, MGRM decided to maintain a one-to-one hedge, which means that MGRM' s total derivatives position was equal to its forward-supply commitments, i.e. 160 million barrels. The hedging portfolio consisted of short-dated energy futures -one-month or two-month futures contracts with underlying products being WTI crude oil, heating oil and gasoline, traded on the NYMEX -and three-month OTC swaps, in the proportions 33% and 66% respectively. Given their long-term forward supply commitments and their hedging portfolio of short-term derivatives, MGRM followed a stack and roll strategy. More particularly, four days before expiration, MGRM would close out its positions in the near-month futures and buy new futures contracts. On each settlement date, the total position in futures and swaps was reduced by the amount of product delivered to endusers during that period as part of the forward-supply agreements, maintaining always a one-to-one hedge. At the end of 1993, MGRM reported large losses on its positions in futures and swaps. As a result of a fall in oil prices, margin calls on its futures positions and losses on the rollover costs of maturing futures and swap positions were incurred. Unfortunately for MGRM the oil futures market was in contango for most of 1993, which meant much larger costs than normal when it rolled its derivatives positions forward. When MGRM liquidated its crude oil futures positions, some of its long-term contracting partners, recognizing a greater degree of uncertainty in MGRM's supply position, sued for adequate assurance that MGRM would still be able to fulfil its all commitments over the remaining nine years of the products sales contract.
The huge derivatives loss suffered by MGRM is an example of what can occur because of misleading accounting principles (in this case the German accounting principles). The supervisory board of MGRM, observing large unrealised losses on the firm's hedging positions (energy futures and swap contracts), and apparently not recognising the offsetting unrealised gains on the firm's physical -delivery contracts, ordered the general liquidation of the firm's hedging positions, realising substantial losses. Thus, whatever accounting and disclosure practices are adopted it should treat derivatives and hedged positions symmetrically. Imposing market value accounting principles on firms' financial assets and derivatives without imposing it on their liabilities will create misleading financial statements. For example, an interest rate swap that effectively transforms a fixed-rate liability of a firm (such as a bond) into a floating-rate obligation should not be valued at market unless the firm's financial liability is also valued at market. Similarly, reporting changes in the market value of commodity-linked derivatives used as a hedge against physicaldelivery contracts without also reporting at market value the offsetting gains and losses on the physical-delivery contracts may mislead investors, creditors, and senior management. Market value accounting applied exclusively to derivatives will mislead and will likely discourage firms from using derivatives to manage risk.
